SYNOPSIS The use of high-voltage electrophoresis and bioautography for the separation mixtures of antibiotics received in clinical serum samples is described. The electrophoretic characteristics of 39 antibiotics are given as is the accuracy of the method for quantitating three antibiotics. In screening 189 consecutive serum samples submitted for routine antibiotic assay, undisclosed antibiotics were revealed by the technique in 35.
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The treatment of infection by administering more than one antibiotic simultaneously to patients in hospital is common practice. Increasingly laboratories are being asked to assay sera from such patients, and although it is frequently possible to measure at least one element in a mixture by the use of a selectively resistant organism or by inactivating a component, such procedures are not always available. A further problem is that, in our experience, sera for assay sometimes contain antibiotics ofwhich the laboratory is not made aware and which can adversely affect assay results. The clinician requesting the investigation may not always know, or just simply forgets, about antibiotics which a patient is receiving or has recently received. Therefore a technique is needed to detect the presence of extraneous antibiotics and to identify them. If the technique could be made quantitative then this would be an advantage.
With these criteria in mind we adapted the wellknown technique of high-voltage electrophoresis to resolving antibiotic mixtures. To our knowledge its adaptation for use with the type of concentrations found in the sera of patients on treatment has not previously been described. Using this method we determined the relative mobility of 39 antimicrobial agents used in clinical practice and examined the conditions for their optimal detection and also the limits of detection. We also determined the accuracy of quantitative assay of three antibiotics. Finally, a retrospective survey was made of sera submitted for antibiotic assay from patients to determine the frequency of extraneous antimicrobial agents.
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Methods

MATERIALS
The sources of the antibiotics used are shown in table I. They were prepared for electrophoresis as solutions in distilled water or pooled human serum.
Samples from patients examined for their antibiotic content were those which had been received for assay, mostly of gentamicin, in controlling therapy. They were stored at -20°C for examination in batches.
SEPARATION OF ANTIBIOTICS
The method used was adapted from that described by Lightbown and de Rossi (1965) . The apparatus (Stogate Instruments Ltd) (fig 1) used consisted of a carefully levelled, water-cooled bed on which the glass platten carrying the agar was placed. The water supply to the bed was from a mixer-tap, allowing the temperature of the platten to be varied. At each end of the platten there were two buffer boxes, the distal ones containing the platinum electrodes (25 cm of 0-38 mm diameter wire). The platten and boxes were all contained in a Perspex safety-cabinet with a lid which operated micro-switches controlling the output of the power pack. (NCTC 6571) . This was prepared on a similar glass platten to the running layer during electrophoresis and, when set, was slid carefully onto the running layer making sure that it was in good contact and alignment with it. If quantitative results were required the seed layer was poured directly onto the running layer to minimize the distortion inevitably encountered in the first process. In this case.only a spore-seeded agar could be used because of the higher pouring temperature required. The seed layers were adjusted to have a pH of either 7 9 or 6-0 according to the optimal requirements for detection or estimation of the antibiotic. Other variations used were Escherichia coli (NCTC 10418) as indicator organism when the drugs 90 cm detected were inactive against Gram-positive species, and the use of Wellcome Wellcotest agar (pH 7-3) for the seed layer when sulphonamides and trimethoprim were investigated.
It was found that some antibiotics, particularly the aminoglycosides, ran as 'streaks' in the agarose. The addition of sodium chloride to a final concentration of I % to the running layer corrected this, the zones being round or pear-shaped under these conditions. However, electrophoresis was prolonged because the increased conductivity of the agar limited the voltage available from the power source.
Finally, after the application of the seed layer, the frame was replaced, the seed layer surface sterilized with ultraviolet light, and a metal lid added for overnight incubation at 37'C.
SCREENING OF SERA FOR UNSUSPECTED ANTIBIOTICS
When samples from patients were screened, sera were initially electrophoresed in duplicate on two separate plates, and a seed layer of different pH was used on the two plates. It was soon noticed that antibiotics which migrated to the anode were detected optimally by the acid agar while those which migrated to the cathode were best detected by an alkaline agar. Two alternative methods were therefore used subsequently to save running samples on two plates.
In the first method the running layer was divided by laying a glass rod across the width of the plate down the line of application wells. The plate was warmed slightly, and a seed layer at pH 6-0 was poured onto the anode end and a pH 7-9 seed layer was poured onto the cathode end. This method was used routinely.
A second method was used when the presence of antibiotics with a low relative mobility (RM) was anticipated, since the presence of the glass rod in the first method made zones near the application wells difficult to read. Instead, a seed layer with a continuous pH gradient was prepared by pouring agar of pH 5-0 first on an inclined plate to give a layer of wedge-shaped agar. After the agar had set the plate was levelled and an upper layer of agar of pH 9 was poured to give a complementary wedge. When cool, the pair of seed layers were then slid onto the running layer correctly orientated so that the agar with the high pH was at the cathodal end.
RECORDING
All zones were measured by hand with regard to both size and distance from their origin, that is, from the centre of the well to the centre of the zone. Plates were also photographed on a specially constructed box giving dark-ground illumination. where a and b were as for an oval. The veracity of this last formula was checked by tracing around the magnified zones on the zone-reader using cleared, old x-ray film, cutting out the zones and weighing them. The areas of streaked zones were not measured since high salt-agar was used for the quantitation of the antibiotics which behaved in this way.
QUANTITATION OF ANTIBIOTICS
The accuracy of quantitation of three antibiotics was assessed by making up a series of 10 sera for each drug containing known concentrations of antibiotics. Each serum was assayed ten times and the 95 % confidence limits for the assay were calculated. The antibiotics chosen were kanamycin and cephaloridine since they gave oval and round zones respectively using the routine running agarose, and gentamicin because the high-salt content running agarose was used.
RESOLUTION OF SERA SUBMITTED FOR ROUTINE ASSAYS
One hundred and eighty-nine consecutive sera sent to the laboratory for routine assays were examined for the presence of antibiotics other than that requested. Almost all were for gentamicin assay. In many cases the presence of other antibiotics had been notified to the laboratory at the time of the original assay. When additional drugs were found their identification was made as far as possible by their R-m value and susceptibility to /3-lactamase. Confirmation of the identity of the spurious drug was by retrospective search through the patient's notes.
Results
QUALITATIVE IDENTIFICATION
The determined RM value, direction of travel, and On 10 occasions sera from patients on ampicillin with impaired renal function gave zones in the penicillin region although careful checking failed to show that the patient had received penicillin. The zones were presumably some product of ampicillin ,ug/ml, and cephalothin 1J0 pg/ml, and (6) cephalothin 1J0 ,g/ml. or by the addition of a specific antagonist (for example, para-amino benzoic acid for sulphonamides, or thymidine for trimethoprim). The use of an assay organism which is very resistant to all present but the component antibiotic to be assayed is also a widely used method. The selectivity of such methods allows the estimation of a small concentration of antibiotic in the presence of a much larger concentration of a potentially interfering drug. Unfortunately, selective inactivation is not available for most antibiotics, and it may not be possible to find an assay organism that has sufficient differential sensitivity naturally to allow the reliable assay of a single component. It may then be possible to use an organism which has acquired resistance by induction or by the transference of an R-factor. Unfortunately, such strains may not be stable or are poor in their growth rate and therefore need careful maintenance. Furthermore, the assay must be adequately controlled by the addition of possible interfering drugs, and may be slow.
The method of high-voltage electrophoresis followed by bio-autography, as developed and described in this paper, has the advantage of being independent of many of the above strictures and offers the relatively easy simultaneous quantitation of more than one component. Once the method is set up the electrophoresis is relatively quick and does not add substantially to the total assay time. The main disadvantages are the costs of the equipment (about £600) and the running materials. Also, it is not possible to separate all the antibiotics tested by the method as presented, since those with closely similar values would overlap and thus be indistinguishable. The (Reeves and Bywater, 1975 ). By refinement and practice high accuracies for quality control purposes have been achieved (Lightbown and de Rossi, 1965; Lightbown, 1970) . The limiting factor for gentamicin assay by this method was the presence of pear-shaped zones which made it difficult to quantitate the area of inhibition although the results were accurate enough for clinical purposes. The use of more sophisticated techniques for the measurement of zone areas might increase the accuracy of the method for this drug. Where the technique has proved particularly useful is in the assay of antibiotics of closely similar spectra of actions such as fusidic acid, lincomycin, clindamycin, and flucloxacillin in various combinations, mixtures of aminoglycosides, and a mixture containing broad and narrow spectrum antibiotics.
The second main problem for laboratories using microbiological methods is the receipt of specimens for assays containing antibiotics about which they have not been told. We 
